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Research on the Host Range and Transmission Method of Tomato Brown Rugose Fruit Virus Using Israeli Iso-
late. Hitoshi Oya”, Yuka Sakakibara and Takayuki Matsuura (Research Division, Yokohama Plant Protection Sta-
tion, 1-16-10 Shin-yamashita, Naka-Ku, Yokohama 231-0801 Japan. "Haneda Airport Sub-station, Yokohama Plant
Protection Station). Res. Bull. Pl. Prot. Japan. 59: 13-18 (2023)

Abstract: The tomato brown rugose fruit virus (ToBRFV genus Tobamovirus) is a relatively new virus that was first
observed in 2014 and 2015 affecting tomatoes in Israel and Jordan. It is known to infect tomatoes and peppers. We
investigated the host range and physical properties of the virus as part of efforts to support effective TOBRFV con-
trol strategies in readiness for the entry of the virus in Japan. When plants of 18 species in the following 14 families
were mechanically inoculated with sap from an infected tomato plants, Lamium amplexicaule and Tetragonia tetrago-
nioides might be susceptible to the virus. The virus was easily transmitted mechanically by contaminated gardening
shears and other equipment between infected and healthy tomato plants. No horizontal and vertical transmission by
pollen from tomato plants was observed. In the in-vitro longevity test of the virus, the virus remained infectious in
crude sap at room temperature, even after 18 months of incubation. The virus in tomato leaves dried for two months

also remained infectious. This suggested a high viral concentration in tomato roots relative to other parts.
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tomato brown rugose fruit virus (ToBRFV) & Tobamoviruss
W SNLHED T A VAT, b= b (Solanum lycopersicum)
R AT Y (Capsicum annuum) \ZAEF R, B, EF.
REZFOHREFRT 20 EOHEEZ 5L TS (EPPO,
2021) 0 A7 ANV A, 2014 FFDA X T TV KT 20154F D 3
VETORRBMEICHFE Y (Luria ef al., 2017, Salem et al.,
2016). €Dtk AFTa, RE, FALY, £F)T, LR
FF. PV IR OHPETHAEDFMERE I N TS (Oladokun et
al.,, 2019)0 fEEMWICEL TE, M MR MY H T ITMA,
2 EDOMEE (Chenopodium murale . O Solanum nigrum) T
HRDH DD, ZOHHRIB SN T2 (EPPO, 2021), F 7z,
ToBRFV i, b~ MZBW T TM2? P EIE T 2 D bY
EY ANV AEYEMEE T 5720, HRWICIEKRTL L
&I Tw5 (Luraetal, 2017),

Ry AV A LT, MV aAs20194E 2 HI2 bv bR
by H T VIR OWAIIK L. Ky AV ANO R % W

#H L 72 (WTO/SPS, 2019a) fii. [I4E 2 H 252 (WTO/SPS,
2019b), 3 HIC=2—Y—5 ¥ F (WTO/SPS, 2019¢). 10 JJ
IZ EU (WTO/SPS, 2019d) 2S[FBRICHE & % @3 5 2 &, it
REEHDHIERE ZH LTV D, BAEICBWTLZORAN
fatl S, M AMEOXGR & % 2 955 BN O A o s
DR L O 6 REUEZ B\ TR B AT BRI 1 RO
M2 - 21TBIMS N7z (4R 24 11 F 11 H#EAT) . AP
Tl ToBRFV 25/ A5, EMNIZHE L ZBOBBRICE T 572
O, MR ESL R HNE L, SEHARERR WY
WEOREEIT o720 22 TIH. RS DREBROFERIZONT
WMy Frws,

MRRCTE

1. BEXHEARE
(1) BLEEAEE

PMOKIE KRB OFF 215 TA4 A5 TV H 5H3E A L7z ToBRFV
AR PER Ta A 0BRSS 503 %) (CEHL7z b~ b (dhfi :

O AR ) )7 326 7T ) FH 2 98 S



14 L7/ R T B

55597

T MAR) WROZF OBAE L 2 M L 7z, Bgiid 25T
R L7 =N THERLL 72,

(2) KA RAREY) O TR HAR AR

AATREY) & U C 14 B 18 Fli O BUARAHY) (Table 2) %A L,
R X, ToBREFV &g b~ M2 0.1M YV > Feik i 2 0
ATCHEBL, REL~4EHORICH KT v F 222w
S X D AR 1 Brdp 72 1) 2 OB AR TR L 720 &
AREY L 3 ~ B RAEA L7z bR L O etk 12 N T B
L7

(3) BHEARMIZ BV B IERYLHED

PR 1AM G OB L 2 ~ 3EMBZO L EORBOA K
EBIE Lz, S5, MBOAMIIHMRES INSDOTEPS 1
% BRI L. Nicotiana glutinosa i 0 3 2 B HEARE L 72
el 3 ~ 5 HERIRBEOA I X Y BY 2 iR L 720

2. ERAEDRE
(1) ATIBIC X B IERE g R
ToBRFV & I < T~ fbky &4 b~ b 3B (LHRICO & 248)
Wz Ly 2 ARICZHR% N. glutinosa T2 L €
3~5HRICHMBMDOAEEI L K2 MR L7z, /2. Sk
DRFEH O 7M1 2 50 L3945 H BRI F % N
glutinosa T\ IHEHEEARE L CHERE L 720
(2) HefifrngealBR
1) &AL Ein g
wAINZ. ToBRFV &S b~ MHOERVEE, FT7 v 7 R
FAEE AR Lo FHRTHED, e b~ M 3HROBERDY
THIE 200  HE T B85 % 1~ 5 AT - 720 WIS TF
BL, 24 HE KU 50 HEZ N. glutinosa Wi ~D I EAE 2
I, BREOFEERAEL 2,
2) BIEHE AL s g iR
W ToBREV &S b~ MO R ONEEL I EH TS
WIED D . ISHEAM S L 72 N O ERS T4 b~ M 3 ¥R
BN E Y2 8ME% 1.3 RO 5 T - 720 WNIFIRBEHNTEH L,
28 H# 2 0850 H#12 N. glutinosa Hi~DHEHERIZ L D,
BROF LR L 7

3. YENMEORE
(1) T PRAFEFRER
1) b~ MEEQEFHIRIC B 5P
ToBRFV J&4e b < M3 1g 12 0.1M U >~ 5% 20ml % I

A CHEEM: L. 3000rpm. 2 %5 CTig.ls L B A% 50ml F 2 —
TIWAN, FIRTHEE Lze 2 H~ 141 (Table 5A
S) . N. glutinosa ¥ \ZV AR % it L 720
2) b= METHERRE A IV )N LIS B DR
128> 5 3 V) % L ToBRFV BEH: ~~ MO %
IV TN BEMEE 3 AT - 720 DM L2
IV R ARG L, SIRTHRE L. 2 H~ 1P RER
(Table 5B ZH), 73V ) &35, 3tkose b~ M
DEEZTRETROA IV TE Y T 2 HlE % &k 3 RIAT
W, E51T, FEMOLIEIE 1 BT T o 72 WIZIREN CEH
L. N. glutinosa Wi~OHEERIZ LD, EREOF ML &
L7z
3) MFE b= bIEICBU D PRAEE
ToBRFV &3 b~ M 1 M S 2 AR L. [iREN
T1~2 % H MRS, W s~ MEG3E % N. glutinosa T
WP A S L7z,
(2) T Btk 3k
ToBRFV &4t b~ M3 1g 12 0.1M V¥ ERFR M 20ml % i 2.
TR L 720 3000rpm. 2 4 Cado b Ly EiF 2 WL 720 WX
L7 BRI L =<V A 7 5 —T 10 4B (50T
~100C) #. N. glutinosa ¥ \ZVH R 217w, B G K
ZAE L7z,

4. BRI MEREICBI2VMIVRBERE

AERE DSTERL & 1172 ToBRFV & b~ M2 6. 0 % M,
AT O K E & R L RIS O W TR & 1T -
7o FEEIC 1050 O 0.AM V) v BERRE L& I 2 CHEERE L.
AEEE N L 72,

%A 12 13, RNeasy Plant Mini Kit (Qiagen #£) % Hv 7z,
JER 100p 12 F v MR OB Y 7 7 — % 500ul F0 L.
ZOH%IETa b IV ORI - THEBRINIL 2 FHM L. iy
{2 60pl @ RNase Free Water (25 # L 720

Bon-BiE%2 8 L L, TagMan RNA-to-Ct1-Step Kit
(Thermo Fisher Scientific 1) Z i\ F/R %7 7 4 ~— 0.3uM.
TH—7 02uM OPEECTHRINE A FH L 72, ) 7V ¥ 4 4 PCR
St 1%, Quant Studio 5') 7V % 4 & PCR ¥ 25 & (Thermo
Fisher Scientific #1) % H\v»C, 48T 154, 95C 1045, (95T
10F5, 60C 143) % 40 ¥4 7 VDS THWIEZ 1T 5720 74
VA fnT# . QuantStudio Design & Analysis V7 b =7
@ Comparative Ct {12 X D ER E LTHM Lz, &8,

Table 1. Primers used for One-step real-time RT-PCR amplification in this study.

Primer/probe name Sequence (5'-3") Target Source
18S-H-F GGGATCGGAGTAATGATTAACAGG Endogenous plant &:ﬁiz:aa;tl lait (310 18)
18S-H-R CTTTCGCAGTTGTTCGTCTTTC 18S ribosomal RNA 2018) Y :
18S-H-P Cy5-TCACCTCTGACTATGAAATACGAATGCCC-IBRQ gene

CaTa28 Fw GGTGGTGTCAGTGTCTGTTT ToBREV ISHI-Veg (2020)
CaTa28 Rv GCGTCCTTGGTAGTGATGTT movement protein

CaTa28 Pr 6FAM-AGAGAATGGAGAGAGCGGACGAGG-BHQI (MF) gene
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W RATIE T >~ 70 A&t L7z ToBRFV &4 k< b
O E 720 72, ToBRFV Ok ICiE, ISHI-Veg
(2020) 7o b aANVICRBEENRTVWETI54~v— - FTu—7
ZHWTC, F/o, MPNAEERE T OBIEIC L, BES (2018)
ROEMS (2018) A ikFt L7794 ~v— - 7u—T%HwT
7o 72 (Table1),
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1. BEXEERE
14 B 18 FEO FAKIYY (v HCR AR ER & FE 0 L 725 R v v

Table 2. Experimental host range of TOBRFV.

F (Tetragonia tetragonioides) DIEFEIENF A b 2 W
(Lamium amplexicaule) OFFFEIE O LA HECHRIATFEH L.
ING 2O N O L HE%E N. glutinosa Wi IZHREL 72 &
ZAH VT OB B S AR CHBYATESTE R S e, E
7oy WRBOSHERR S N7 2 o TRy O BEREZE K OF LA EE & AR &
L CHERIC N. glutinosa WilZHR L 72858, Y Vv F ROK M
J I Z 6 R 7 ORI T N. glutinosa 3 \ZBYHBEATEIE &
1. ToBRFV D&Y 78 S 7z (Table 2)o PL LGRS,
AT DY IV F LR b 2 i N AE AT
SNz 6 R 7 HOBARPIZOWT, ToBRFV OfF £ & % 51
VAR E NIz 72720, & Mo/ FUM o Tld, L%

Plant species Inoculgtion
Family name Symptoms test of N. glutinosa plants
Scientific name L S L S

Chenopodiaceae

Chenopodium foetidum - - 4/5° 0/5
Amaranthaceae

Gomphrena globosa - - 0/5 0/5
Cucurbitaceae

Citrullus lanatus - - 0/5 0/5
Asteraceae, Compositae

Zinnia elegans - - 3/5 0/5
Eclipta alba (Eclipta prostrata) - - 0/5 0/5
Aizoaceae

Tetragonia tetragonioides NR - 5/5 0/5
Convolvulaceae

Ipomoea nil - - 5/5 0/5
Brassicaceae, Cruciferae

Brassica oleracea var. capitata - - 0/5 0/5
Capsella bursa-pastoris - - 0/4 0/4
Lamiaceae, Labiatae

Perilla frutescens var. crispa - - 5/5 0/5
Lamium amplexicaule CS CS,Y 5/5 5/5
Mosla dianthera - - 5/5 0/5
Fabaceae, Leguminosae

Vicia sativa subsp. nigra - - 0/5 0/5
Caryophyllaceae

Stellaria media - - 0/3 0/3
Polygonaceae

Rumex crispus - - 5/5 0/5
Apiaceae, Umbelliferae

Torilis japonica - - 0/5 0/5
Scrophulariaceae

Veronica persica - - 5/5 0/5
Onagraceae

Oenothera parviflora (O. biennis ) - - 0/5 0/5

L: local infection, S: systemic infection, NR: necrotic ring, CS: chlorotic spots, Y: yellowing,

-: no symptoms, a: Number of infected plants/total number of plants
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2BV TR O N. glutinosa FE~OFEREIZ X 2 BIHBEE K A
RoNLholzl &b, BHEGICIEEDS VI EEEIVR S
Nize TNHDZTENL, Ry AN AGHEBOMRTIIEST 5
WREMEASE 2 S, BBV TR, FRCKR M FE0 4
B KGR O NI MO BY L iR LB ETH L EEZ BN
726

2. ERAEDOHEE
(1) NTIIC X BB E YR
ANLZR 2 22 HEO b= FHICBW RGO L iR L
745 R, ToBRFV OEAz SN o 720 UG b~ Mij 2
Mo 3MORENE SN, FT-%2 USRI L2, 2hb
OMTH#FEHEL. EFLZF MH 20120 HBHICN
glutinosa 1 % H W TR Z L2, wIhotkics
WCHEABEZ A SN T, BGIMER S N h 5 72 (Table
3)e TDZ LB, ToBRFVIZIEHIC X 2K - T (mGeld

Table 3. Horizontally transmitted by pollen.

Fruit no. Infected plants *
1 0/35"
0/53
0/57

a: Plants were grown from seeds obtained from the fruit formed after
pollination with ToBRFV infected pollen.
b: Number of infected plants/total number of inoculated plants

Table 4. Mechanical transmission of ToBRFV.

A. Transmission via contaminated hands.

L Wi R S 7z,
(2) Hefufn gl BR
1) FREA L Ein gl
TR X B EMEGERAIC BV Tid, 2ol s, 1HT
3R L ARTE N 50 H ISR S e, 3K T 5
BTIEWFI D 3R 3 kR CTHil 24 H 212K Ge D3
A&7z (Table 4A),
2) BIEHE A L S g
SRS X B EAMESRA I, Z OIS 1T
3Kk 2 Bk, 3EITIX 3 MR 1Rk, 5T 3 HRth 2 MR K
YeASHfERl S M7z (Table 4B).
YL EO#ERD 5, ToBRFV I3 MEE T TIEF LBV 2 &
AIRIE S N7z,

3. YENEEORE
(1) M PRAT 1 3kt
1) b= MEQBEHAITRIC BT B PRAEE
T PRAEPERR AT ClE, 1R 6 7 HERE THUFE T A VA DI
FHEERAEL 720 ORI, 146 » HRHE A LM
W T N. glutinosa Wi CHYHBEAHER S, KL HREEZ AT 5
Z EHHEFR Sz (Table 5A) o
2) b= METHEME S 2 V) AN RSB DR
HEPNE L2 IV EZHCTLI4E6 7 AR THgY
ANV ADIRAFEZ A Lz ZOMR 143 » HBHER
PRF L7z 3 V) CHURBEDERR S 7z (Table 5B),

B. Transmission via gardening shears.

Times of contact

Times of clipping

1 3 5 1 3 5
24dpi 0/3" 3/3 3/3 28dpi 2/3* 1/3 2/3
50dpi 1/3 3/3 3/3 50dpi 2/3 1/3 2/3

The acronym dpi stands for days post inoculation.
a: Number of infected plants/total number of inoculated plants
Table 5. Infectivity of TOBRFV after incubation at room temperature.
A. Infectivity of crude sap. B. Infectivity on blade.

Storage period Infected plants Storage period Infected plants

2 days 5/5° 2 days 1/3

8 days 5/5 8 days 3/3

14 days 5/5 14 days 0/3

21 days 5/5 21 days 2/3

1 month 5/5 1 month 2/3

2 months 5/5 2 months 1/3

3 months 5/5 3 months 2/3

6 months 5/5 6 months 0/3

9 months 5/5 9 months 0/3

1 year 5/5 1 year 1/3

1 year 3 months 5/5 1 year 3 months 1/3

1 year 6 months 5/5 1 year 6 months 0/3

a: Number of infected plants/total number of inoculated plants
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Table 6. Infectivity of TOBRFV after drying period.

Drying period Leaf no. Infected plants
Imonth 1 3/3*

2 3/3
2months 1 3/3

2 3/3

a: Number of infected plants/total number of inoculated plants

Table 7. Infectivity of crude sap after heat treatment.

Treatments® (°C) Infected plants
50 3/3°
60 3/3
70 3/3
80 1/3
90 0/3
100 0/3

a: Sap samples were incubated for 10 minutes
b: Number of infected plants/total number of inoculated plants

3) #i%E b= MEIIBU DR
P~ MEEEE 1~ 2 7 HHEZER S, Z0RG0E % A
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6)o
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W CHUHBEA MRS S, 80CMLEE L 72l Tid, 130 1 K
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4. BRI INEBEICETIVMILREERE
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EOBETRICENROND Z e 5, XU FEM 22 T2 13
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Fig. 1. ToBRFV in tomato plants was detected by determining
the RT-qPCR relative amount of TOBRFV MP (Movement
protein) gene to that of the tomato 18S rRNA gene.
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